, where X is a hadronic system and s or d labels the underlying quark process b → s(d)γ) provide good places to search for new physics (NP) beyond the standard model. Recent BABAR measurements are reported: inclusive B(B → X s γ), direct CP asymmetry for inclusive X s γ and X s+d γ, and searches for the rare decays B → π(η)ℓ + ℓ − . No evidence for NP was found, but several constraints are discussed.
Introduction
Unlike the dominant decays of b quarks, the flavor-changing neutral current processes b → s(d)γ and b → s(d)ℓ + ℓ − (where ℓ ± is e ± or µ ± ) do not occur at leading (tree) order, but rather via the loop and box diagrams illustrated in Fig. 1 These are rare decays, with small branching fractions (BF's). They are a good place to look for physics beyond the standard model (SM), since new particles can appear virtually in the loops. Extensive theoretical effort has led to low SM uncertainties both for the predicted BF and direct CP asymmetry A CP in the inclusive decays, implying good sensitivity to new physics (NP). Predictions for exclusive final states are less precise.
I present some recent measurements of these processes by the BABAR experiement at the PEP-II asymmetric e + e − collider (SLAC National Accelorator Laboratory):
1. Fully-inclusive measurement of B → X s γ. [1, 2] • B(B → X s γ) -sensitive to NP.
• Direct A CP in B → X s+d γ -sensitive to NP.
• Photon energy spectrum in B → X s γ -not sensitive to NP (rather, it reflects the motion of the quark inside the B, i.e., the shape function). A computation based on renormalization-group techniques, involving thousands of diagrams and many physicists, has resulted in an SM prediction at NNLO (nextto-next-leading-order) of
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where E γ is the photon energy in the B rest frame -see [5] and references therein. Because the t quark dominates the loop in the radiative decay (left plot of Fig. 1) ,
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to a precision of 10 −6 , providing a very sensitive test for NP. It has more recently been found [7] that previously-ignored long-distance ("resolvedphoton") effects increase the uncertainty on the separate A CP (B → X s(d) γ) predictions in the SM. In particular,
However, the additional effects cancel for a newly-proposed test for NP:
Because the Wilson coefficients are real in the SM, a non-zero result implies NP; however, the hadronic factor Λ 78 can be anywhere between 17 and 190 MeV. In addition, the precise predictgion of A CP (B → X s+d γ) = 0 is preserved in the new calculation.
3 Fully-inclusive B → X s γ
For a fully-inclusive analysis, inclusivity is ensured by making no requirements on the signal B meson other than on the high-energy photon. For the recent BABAR analysis [1, 2] , the reconstructed photon has CM (Υ (4S))-frame energy E * γ >= 1.53 GeV. For a given event, the B rest frame is not known; E * γ differs from E γ by Doppler smearing (the motion of the B in the CM frame) and calorimeter energy resolution. Backgrounds come from continuum events (e + e − →(q = b) or τ + τ − ) and other BB events (with the photon arising from the decay of an intermediate particle or via misidentification). Since many background photons come from π 0 (η) → γγ, an event is vetoed if the partner γ is found with appropriate m γ γ . Continuum is additionally suppressed using full-event topology, and by requiring a high-momentum lepton (e or µ) tag. Signal and other BB events may be tagged if the non-signal B decays semileptonically; such a lepton is far less likely for continuum. As a bonus, the lepton provides a CP tag. Event spectra after all selection criteria are shown in The data consist of 347 fb −1 collected at the Υ (4S) resonance, and 36 fb −1 collected 40 MeV below the Υ (4S). The continuum background is subtracted by scaling the offresonance data to the on-resonance sample; this dominates the statistical uncertainty of the results. The BB background is subtracted using data-corrected Monte Carlo (MC) computations. Most of the dozen sources of BB background (see Table I in [2] for details) are corrected using dedicated studies of data vs. MC control samples. The BB background is the dominant source of systematic uncertainty. Because of large BB backgrounds, we obtain no useful signal result below 1.8 GeV. The signal region above 1.8 GeV was kept "blind" during the determination of all selection criteria and BB corrections; the range 1.53 to 1.8 GeV served as a control region. Lastly, for the direct-A CP measurement, events were counted by lepton charge for E * γ > 2.1 GeV. Figure 3 shows the signal after background subtaction. The X s γ BF for a given energy threshold is found by correcting the signal yield in that region for efficiency, making a small adjustment from E * γ to E γ , including the additional systematics, and scaling by 0.958 (Eq. 2) to account for X d γ. For the lowest threshold:
The errors are statistical, systematic, and model-dependence ("model" for the true E γ spectrum), respectively. Results are also reported for thresholds of 1.9 and 2.0 GeV. We have additionally unfolded the measured E * γ spectrum to a spectrum in true E γ , using a method adapted from B. Malaescu [8] . The result (not directly related to NP) is shown in Fig. 4 . The overlaid curve shows the spectral shape given by a Heavy Quark Effective Theory (HQET) computation in the "kinetic scheme" [9] , using world-average HQET parameters determined by the Heavy Flavor Averaging Group (HFAG) from B → X c ℓν and B → X s γ data. Figure 5 compares the BF results to earlier experiments. Measurements with different thresholds from a single experiment are strongly correlated. Uncertainties increase toward lower thresholds due to increasing BB backgrounds.
To compare the BABAR result to the SM prediction of Eq. 1, it must be extrapolated down to 1.6 GeV. The standard procedure is to apply a factor provided by HFAG, based on the same world-average HQET model described above. While this procedure (in particular its claimed uncertainty) does not seem entirely satisfactory, we have applied it to obtain B(B → X s γ) = (3.31 ± 0.35) × 10 −4 (E γ > 1.6 GeV). Such a result limits the amount of "room" for NP. For example, in a type-II Two-Higgs Figure 4 : BABAR fully-inclusive photon spectrum unfolded to true E γ . Errors are as in Fig. 3 . The overlaid curve is based on HFAG's worldaverage HQET parameters (see text). 
A CP (B → X s+d γ) from fully-inclusive data
In contrast to the situation for the BF, A CP behaves very differently for B → X s γ and B → X d γ, so only the combined A CP for X s+d can be measured by the fullyinclusive technique. B vs. B is tagged by lepton charge. After correcting for mistags (primarily from B-B mixing), we have measured
consistent with the SM prediction of 0. Figure 6 compares this result to earlier, less precise, measurements. variables (to reduce the large continuum background) and γγ mass combinations (to reduce π 0 backgrounds). The selected sample represents E γ (computed most precisely from the mass m Xs ) above about 2.2 GeV. After event and best-candidate selection, the signal yield and A CP are extracted by fits to m ES spectra for the two CP charge states. An example is shown in Fig. 7 . The peak includes not only signal but also signal cross-feed and a fraction of the (small) BB background; a systematic error on A CP of 0.009 is assigned for possible asymmetry in the peaking background. After correcting for detection asymmetry, we find A CP (B → X s γ) = 0.017 ± 0.019 (stat) ± 0.010 (syst) (BABAR Preliminary)
∆A CP (B → X s γ) = 0.050 ± 0.039 (stat) ± 0.015 (syst) (BABAR Preliminary) (8) The latter is a first measurement. Both results are consistent with the SM. By comparing Eqs. 4 and 8, limits can be set on Im(C 8 /C 7 ), which if non-zero would be a sign of NP. Assuming Gaussian errors, a confidence level is assigned for each value ofΛ 78 (over its full range of uncertainty) and Im(C 8 /C 7 ). The regions of at least 68% and 90% C.L. are shown in Fig. 8 . The horizontal extremes of these regions are used to set these conservative limits:
6 B → πℓ for π ℓ + ℓ − modes, and (2.5 − 3.7) × 10 −8 for η ℓ + ℓ − . The largest backgrounds are from: B → J/ψ(→ ℓ + ℓ − )X (vetoed using m ℓ + ℓ − ), random combinatorics (suppressed using event topology and missing four-momentum), and B → K ( * ) ℓ + ℓ − with, e.g., K ± to π ± misidentification or a lost π from K 0 S decay (which have different ∆E spectra than signal events). The signal is exctracted by an unbinned maximum likelihood fit to m ES and ∆E; the decay B → K ± ℓ + ℓ − is also fit as signal, to constrain the misidentification background. Some examples of the fits are shown in Fig. 9 . Fits are also done for µ + µ − , both lepton-flavor and pion-isospin averages, and of course the η ℓ + ℓ − decays. No signal was found in any channel, so 90% C.L. upper limits were determined. They are typically about a factor of two above the SM predicted ranges. Figure 10 summarizes these and other measurements. There is one positive result: the LHCB measurement of B → π + µ + µ − found a signal with a BF in agreement with the SM..
Summary
Several recent BABAR measurements had the potential for finding new physics (NP) beyond the SM: B(B → X s γ); A CP (B → X s+d γ); A CP (B → X s γ) and ∆A CP (X s ); a search for ultra-rare decays B → (π, η)ℓ + ℓ − . No evidence for NP was found. The results can be used to constrain specific NP models. These measurements can be fruitfully pursued at a future high-intensity B-factory (Belle-II). Their power depends on the precision of the SM predictions and (especially for B(B → X s γ)) on the ability to reduce systematic uncertainties. 
